The regional component of the gravity field in Tasmania has been obtained by approximating a smoothed subset of the observed data by a terminated Fourier series. The trigonometric functions were orthogonalized with respect to the irregularly spaced data by the Gram-Schmidt method. A coefficient set was obtained in terms of the original trigonometric functions to enable the regional component of the field to be calculated at any arbitrary position.
Introduction
A regional gravity survey of Tasmania has now been completed (Johnson 1972) to the extent that all areas reasonably accessible to vehicles have been covered. A large part of the otherwise inaccessible west and south-west of Tasmania was covered by a helicopter survey. Further work in the more remote areas will prove to be a relatively expensive undertaking.
The results obtained during the survey were reduced and compiled (Cameron 1967; Johnson 1972 ) and a description of the geological interpretation is currently in preparation. The preliminary results of the present analysis have been previously presented (Johnson 1970) .
The most striking feature of the Bouguer anomaly map is the regional effect due to the close proximity of the oceanic crustal structure. This causes the values, near to the coasts, to have a steep positive gradient of the order of 1 mgal km-' toward the ocean. Superimposed on this regional anomaly are many smaller scale anomalies that are due to structures which are shallower than the depth of the continental crust.
In order to separate the smaller scale anomalies from the broader regional anomalies, an effective method must be found to adequately represent the regional component. Once this has been carried out the regional component may then be removed from the observed values to give the residual anomaly due to shallow sources.
The approach used in this work was to approximate the observed gravity field by some smoothed surface. It was then assumed that the large scale features present in this smoothed surface were dominantly caused by the crust-mantle interface.
Determination of regional field
The complete set of the gravity data is extremely unevenly distributed. Surveys have been carried out in detail in restricted regions, along roads and vehicular tracks, and in isolated positions accessible only by helicopter.
Any kind of surface fitting procedure, of irregularly spaced data, is biased towards fitting the surface to the data points. Hence, if we have a restricted region of complex data, and a large proportion of the data set is present in this region, then the surface in the area adjacent to the detailed region will also tend to reflect the complex nature of that region. The effect is thus to produce a highly complex surface in an area where there are few, if any, data points.
It is necessary therefore to remove this bias from the data set. This was carried out by averaging the original data set and producing a subset of more evenly spaced and smoothed data.
Averaged data set
The method chosen to obtain a smoothed subset of the data was by a form of convolution filtering.
The average value and position were calculated for all stations, if any, lying within each 20 000 yard (approx. 20 kni) square of the Tasmanian Mercator grid. This procedure was chosen to limit the amount of computer calculations involved. The averaging of the data set has introduced spurious effects into the data, in particular a N-S and E-W directional bias. The process is approximately equivalent to the application of a rectangular two-dimensional (sin xf)/xf filter in frequency and hence the data must be further smoothed to eliminate the deleterious effects of the averaging. The position of the averaged value was chosen to be the average position of the stations within the square since, in general, the stations were not evenly distributed through the square.
A second stage of filtering was therefore carried out on the averaged data set.
The process chosen for this stage was to perform a convolution by averaging all the values within a radial distance, i-, of each averaged value. This is equivalent to applying a (sinrf)/rffilter in frequency. To reduce the effect of the side lobes, the process was repeated. The effects of repeated application of a convolution filter are well demonstrated in Bracewell (1965, p. 171) . Fig. 1 shows the distribution of the averaged data set and the station density being represented by each point. 
. Choice of interpolation method
The process of obtaining an averaged smoothed subset of the gravity data, described in the previous section, leaves us with a data set that is irregularly spaced and with an irregular boundary.
The normal least-squares surface fitting techniques employ the use of Fourier series or polynomials which are linearly independent for a regular data distribution. As the degree of irregularity in the data distribution increases the degree of dependence of the functions tends to increase. The technique chosen in this paper was to orthogonalize the functions with respect to the data distribution by the Gram-Schmidt method (Davis & Rabinowitz 1954; Davis 1963; Lanczos 1957, p. 358) . The data can thus be approximated by this approach, the coefficients of the orthogonal functions being terminated at some stage and used to reconstruct the interpolating surface. The successful application of this technique to the interpolation of various kinds of geophysical data has been described (Jones & Gallet 1962; Fougere 1963 Fougere , 1965 Crain & Bhattacharyya 1967; Parkinson 1971) .
The work of Anderssen (1970) , has assisted in the appreciation of problems encountered in the interpolation of non-equispaced data. 
. 3 Gram-Schmidt orthogonalization
Several workers have shown that the method of implementation of the GramSchmidt procedure is an important consideration (e.g. Jones & Gallet 1962), particularly with regard to the effect of accumulating errors. The following section contains a description of the technique used in this paper, which has also been tested for orthogonality using comparable artificial data sets (Johnson 1972) .
Let there be N data points each having rectangular co-ordinates (Xk,Yk) and having values z ( & , y k ) . Let us define a function set that is orthogonal to an evenly distributed set of data points. Such a function set can be defined by the sequence, cos mx sin ny sin mx cos ny
The ordering of the functions has been chosen to preserve radial symmetry and is shown diagrammatically in Fig. 5 .
The Gram-Schmidt orthogonalization process produces a new function set F , which is orthogonal with respect to the data distribution. In this process each function is computed, by ensuring its orthogonality with all the previous functions, at each data point (xk, yk).
Hence, F , (xk, yk) = G , (xk, yk) ; k = 1, . . . N and for successive functions, i = 2, ... i max, and over all the data points, k = 1, ... N where The non-orthogonal G array is a rectangular array of k rows and n columns; where k is the number of data points used and n is the number of functions used. The orthogonalization process is a stepwise procedure operating by columns in such a way that each column of the G array can be overwritten by the corresponding column of the orthogonal F array. The orthogonalization matrix a is a triangular matrix occupying half of an n x n array. The coefficient transformation is again a stepwise procedure and can be carried out row by row such that it may be overwritten by the corresponding row of the transformed matrix b.
The stepwise approximation to the data, z,(xkyy,), of the first m terms of the orthogonal function set is computed from the following relationship m The estimate of the variance of the residuals can also be calculated, at that stage, using Var, = (N -rn) which may be used to terminate the approximation.
. 3 . 1 Co-ordinate transformation.
The co-ordinates of the data points, used in the analysis, are known in terms of the Tasmanian Mercator grid. The map area was chosen such that it was bounded on the north by the grid value 1000000 yd N , to the south by 600 000 yd N, to the west by 250 000 yd E and to the east by 650 000 yd E. This achieved a square map area, with the data positions in terms of rectangular coordinates, which would not have been the case had latitude and longitude coordinates been used. The co-ordinates were also scaled such that the boundaries corresponded to + n and -n.
. 3 . Terminating the approximation.
The most difficult aspect of an analysis of this type is to determine the 'best' approximation to the data. The normal method is to adopt some kind of statistical test which is used as a basis for accepting or rejecting coefficients. Parkinson (1971) , in an analysis of Geomagnetic Diurnal Variation, used a significance test to reject or accept each coefficient. Crain & Bhattacharyya (1967) examined several different indicators to assist them in terminating the series at a specific wave number. The statistic that they found to be most useful was the ratio of variance of the residuals before and after the addition of a group of coefficients, corresponding to the addition of one wave number.
In general, it is found that the variance drops appreciably, with the addition of functions, until it arrives at a certain level where it levels out and often rises again. The statistic used in this analysis was the variance which was examined after each additional wave number had been completed; the series being terminated when the addition of a wave number did not appreciably reduce the variance of the residuals.
Boundary problems.
The choice of Fourier series terms for the original nonorthogonal functions has placed a severe restriction on the approximation namely that the opposite boundaries of the map area must be made to be identical. This is most noticeable in certain of the syntheses where large ' anomalies ' have been forced into the data free portions of the map. These anomalies are in certain cases large enough to influence the approximating surface at opposite coastlines.
. 4 Analysis of the averaged Bouguer gravity data
Six different analyses were carried out using Fourier Series coefficients on the three data sets; averaged, filtered to 20 km, and filtered to 40 km The series of orthogonal functions was terminated after wave number 3 and then after wave number 4 for each data set. Figs 6-1 1 are syntheses of these analyses. The contour interval is 10 mgal between + 50 and -50 and 50 mgal beyond these values. The shaded portions are negative.
In general the surface is smooth and well behaved within the data area and is badly behaved in the data free areas.
It is very difficult, at this stage, to arrive at some reliable criterion for judging the quality of a map. The main criteria that have been used are an examination of the coastal gradients and the size and position of the central negative.
T h e unsmoothed data set.
The synthesis of the regional field using the unsmoothed data and functions up to wave number 3 (Fig. 6) shows a close resemblance to the expected shape of the regional field. When the synthesis is taken to include functions of wave number 4 (Fig. 7) the resulting map becomes very poorly behaved particularly in the data free portions of the map. Within the region in which data are present the surface shows a good approximation to the observed gravity field although it may reflect structures which are of too shallow an origin. The boundary affects noted previously can be observed in the latter figure. 
2.4.2
The data filtered to 20 km. When the data filtered to 20 km are analysed to include functions of wave number 3 the resulting synthesis (Fig. 8) appears to fulfill the judgement criteria. The values and positions of the coastal gradients are close to the undisturbed observed values and the value of the central negative is close to the observed value. There is little evidence of the boundary effect.
However when the analysis is taken to include functions of wave number 4 (Fig. 9 ) the map is becoming unrealistic. The boundary effect is very severe and the approximation of the surface is considerably distorted.
2.4.3
The data filtered to 40 km. The analysis of the data filtered to 40 km shows an oversimplified structure for the case when the functions are terminated at wave number 3 (Fig. 10) . The inclusion of the wave number 4 functions produces a completely unrealistic map (Fig. 11) which is dominated by the boundary effect. The ' goodness of fit ' to the data by each of the analyses can also be examined in terms of the variance of the residuals between the data and the approximating surface. Fig. 12 shows a comparison of the variance of residuals for each additional wave number for the three data sets. It is evident that the variance decreases most rapidly for the prefiltered data sets and that the addition of the wave number 4 functions does not materially effect the variance.
It should be noted at this stage that the variance is only capable of testing the approximation to the data and cannot test the approximation to the real surface.
Conclusions
The technique of approximating an irregularly distributed data set by a Fourier Series, which is subsequently orthogonalized with respect to the data distribution, is shown to be effective in that it provides a reliable technique for interpolating a smoothed expression of the data.
The use of qualitative tests together with the behaviour of the variance of the residuals indicates that the ' best ' synthesis is from the 20 km filtered data analysed to include functions up to wave number 3. The resulting regional gravity map is shown in Fig. 13 together with the distribution of the data points used in its construction.
The set of coefficients used to derive this map can be used to generate the regional field at a given point and has been used in the construction of a residual gravity map (Johnson 1972 ) which reflects near surface geological variations. 
